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ABSTRACT

Three differently shaped trapezoidal weirs were calibrated in the hy-
draulic laboratory for free flow and submerged flow canal discharge
measurements in field canals of 50- and 90-cfs designed capacity. .The '
3 weirs were calibrated in the same test facility using model scales of
'1:5, 1:2.67, and 1:2.33. In each case the canal bottom upstream from the’
weir was flush with the weir invert and the downstream canal bottom had a
1.5 to 3-ft vertical drop at the weir. An electronic digital computer
was used to meke a least squares fit of the calibration data to a curve.
Second-degree polynamial equations were derived describing free flow con-
ditions and general conical equations describing submerged flow condi-
tions. The computer was used to obtain weir discharge tables and infor-
mation for weir discharge graphs for submerged conditions. Discharge
tables and graphs for each weir and drawings and photographs of model and
prototype welr structures are included in the report. '

DESCRIPTORS--/ open channel flow/ turbulent flow/ ¥*sharp crested weirs/
subcritical flow/ hydraulic models/ model tests/ ®*discharge measurement/
“#gybmerged weirs/ curve fitting/ calibrations/ check structures/ weirs
IDENTIFIERS--/ *trapezoidal weirs/ 'least squares method-




SUMMARY

Hydraulic model tests were made to calibrate three timber
contrcl checks used to make canal discharge measurements.
The checks are located on the Farwell Main Canal near :
Farwell, Nebraska. The design canal discharges were 50 cfs
{1.41 cms) (cubic meters per second) for two of the weirs
and 90 cfs (2.55 cms) for the other. Each control check
had a different shaped trapezoidal weir notch. The weir
invert was level with the upstream canal bottom but there
was a 1.5- to 3-foot (0.46- to 0.91-meter) vertical dr0p
at the weir in the downstream canal bottom. Each weir was
calibrated for free flow and submerged flow operating condi-
tions. 1In the free flow hydraulic model tests, measure- .
ments were made of the weir discharge and the upstream
water depth. The model data were plotted in graph form
and a free flow discharge eguation was obtained. The .
discharge equation was a second degree polynomial of the

form 0 = a + bD + ch, where Q is the weir discharge and
‘D is the upstream water depth. In the submerged flow
‘model tests measurements were made of the weir discharge,
upstream-water depth, and the downstream water depth.

The submerged flow model data were plotted on a graph in
dimensionless form. Y was the discharge ratio of sub-
merged flow,’Qs, to free flow discharge Q and X was the

submergence ratio of downstream depth Dd to upstream depth

-Du. A conical egquation of the form sz + BXY + Y2 + CX +
DY + E = O gave an excellent fit to the data points. Values
‘for the:coefficients in the free flow and submerged flow
“equations were obtained by using the method of least squares
and an electronic digital computer. The computer also was
used for pr;ntlng discharge tables and discharge graphs for
each weir. . ,

- APPLICATIONS

The discharge curves and tables included in this report

can be used to determine the canal discharge passing through
the three tractive force test .reaches located on the Farwell
Main Canal near Farwell, Nebraska. They could also be used.
for determlnlng dzscharge ‘through weirs made to the same
dlmen51ons and 1nstalled 1n other canals of similar size.




The methods used in this report are recommended to deter-
mine discharge curves and tables for trapezoidal notched
weirs of shapes other than those included here.

 INTRODUCTION

Three tractive force test reaches were constructed on the
Farwell Main Canal near Farwell, Nebraska, Figure 1. _At
‘the end of each test reach a timber control check struc-
ture was built to provide the designed water flow condi-
tions through the test reaches. During the course of the
studies the timber checks with trape201da1 notched weirs
will be used as canal dischidrge measuring devices. Hy-
draulic model tests were made to calibrate the. three weirs
for free flow and submerged /flow conditions. “Handbooks do
not contain usable information of this type.

i
i

. i ’
THE INVESTIGATION

I
f
I

Description of the Timber Control Check Installations

The .timber control checks are located at Stations 1335+67,
"1430+08, and 1459+90 on the Farwell Main Canal. Design
.canal discharge at Statlon 1335+67 is 90 cubic feet per
second (cfs) (2.55 cms) and 50 cfs (l.41i*cms) at Stations
- 1430+08 ‘and :14359+90. Edch timber check has a trapezoidal
" weilr opening.  The bottom widths and side slcpes are =
different for each weir. Thé weir blades were made from
galvanized steel strips and bolted to ‘the timber structures.
‘The” top edge of :the bottom weir blade, defined as the weir
-invert, is on the 'same level as the - upstream canal bottom.
Immediately downstream from the weir invert there is a
1.5- to 3-foot (0.46 to 0.91 meters) drop in the canal
bottom. To. prevent erosion an 1l8-inch (46-centimeter)

¢ thick -layer of riprap is placed over .6 inches (15 centi-

-"meters).of beddlng_for a. dlstance_of 10+ ‘feet (3 meters)
- downstream from the weir. Photegraphs of the  three struc-~
" tures are shown in- Flgure 2, and drawings of the timber.

. 'structures are shown in Figures 3 and 4., Table 1 lists’

- important weir and upstream canal dimensions.

" ‘Figure 5 is a- drawind;of the permanent measuring wells
placed upstream from .the timber .control ‘checks. Inlet

._fifplpes, from the measuring wells to the canal, are located
.. 15.0 feet (4.57 meters) ‘upstream from the checks. The

'ulower 1nlet plpe is 0.7 to 0 8 foot (0 .21 to 0.24: meter)




above the invert. A water stage recorder, covered by a
permanent shelter, is mounted over each well to measure
‘and record the upstream water depth above the weir invert.
A staff gage, marked in hundredths of a foot, is installed
" near the inlet pipes. The zero elevation of the staff
gage was set at the same elevation as the weir invert.
‘During canal operation the water stage recorder is perl—
odically checked and the water stage recorder readlng is’
;referenced to the staff gage. ;

Temporary water stage recorders were 1n talled for measur-
ing the downstream water depth above the weir inverts

during submerged flow operation. Fifty-five-gallon steel
‘drums with l-inch (2.5~centimeter) holes in the sides

were placed in the canal downstream from the timber checks
for use as stilling wells. The water stage recorders were.
mounted on_ the steel drums to record the water level inside
the drums.': Figure 8 shows one of the temporary water stage:.
recorder installations. B

The Model

Drawlngs and photographs of the hydraulic model are shown
in Figure 6. The main parts of the model were a head box,
‘trapezoidal channel, and an outlet box, The model was
-.constructed of wood. The interior of the head box, trape-
zoidal channel, and outlet box were lined with galvanized
“sheet metal, and the sheet metal jOlntS were soldered to
. make the: model watertlgbt.:e e e ;,we"p :

Two vertlcal pumps ‘connected to two 8-1nch [20~cent1meter)
plpellnes supplied water to the head box. Each pipeline
" had. . a calibrated, portable venturi orifice meter for
“measuring water inflow into the model. ‘A 0.3-foot (9-centi-
- ‘meter) thick rock baffle containing 3/4—1nch to 1-1/2-inch
(1.9~"to 3.8-cm) gravel was installed ‘in the head box and
.downstream from the inlet plpes.- The baffle reduced the
‘turbulence from the inlet pipes and prOV1ded relatively
calm and uniform 1nflow 1nto the trape201dal channel.-

The upstream edge of the trapezoidal channel had a ‘rounded

‘transition to improve the entrance flaw. condition, Figure 6.
flThe transition was a 90° arc with a 1l-foot. (30-centimeter)

yradius. The trape201dal model channel‘was 3 feet (91 centi-

\@meters) wide, 1-1/2 feet (46 centlmeters) deep, 20 feet
{6.1° meters) long,_and had 1 vert1ca1 to 1 1/2 horlzontal

51de slopes._y i PN - ﬂ




Model weirs were attached to the upstream bulkhead of the
outlet box. The model weirs were constructed of plywood :

_ and the weir blades were made from 0.ll-inch (0.28-centimeter)
- thick metal strips. When installing the weirs .in the model,
‘the top of: the bottom weir bhlade was placed flush with the
trapezeidal channel bottom. Tailwater elevations in‘the- out-
let box (submergence of the weir) were controlled with an
adjustable hinged gate located at the downstream end. of the
outlet box.

Pigures 7, 8, and 9 show photographs of comparable dlS"
charges in the_three model and prototype weirs.

'Model Tests

Three dh ferent sizes of trapezo:dal welrs were tested in
‘the hydraullc model. The same model was used so it was
necessary to test each weir using a dlfferent model . scale.
The model scales were as follows: =

We;r'at Station 1335+67-— Scale 1:5 :
Meir at Station 1430408 - Scale 1l:2.67
Wexr at Station l459+90 -~ Scale 1:2.33.

TopOgraphy 31mulat1ng the prototype was constructed in the
outlet box for the weir at Station 1459+90. The topography
extended 24 feet (7.3 meters), prototype distance, down-
. stream. from the weir. Riprap was placed for a distance of
. 10 feet (3 meters). An additional 14 feet (4.26 meters) of
”hgcanal extended downstream, Figure 1¢.  Hydraulic model tests
were made with and without topography ‘in . the model. A .
g ari on of these test results showed that the topography
“ eeded to obtain satisfactory" hydraullc data. No
3topography was .constructed for the weirs at. Stations 1335+67
and- 14J0+08 “The - water floaed dlrectly from the welrs 1nto
‘the: outlet box. _ ‘

“‘

' .Free flow and submerged tests were made on! each of ‘the three
‘wezrsJ‘ 'In the free flow tests the weir nappe was aerated -
the wézr nappe, or jet of water flowing from the weir open-

‘.1ng,'ﬂas completely surrounded by the atmosphere. In the .-
submerged flow tests the ‘tailwater elevation was above- the"
:hottom of the weir 1nvert --part . of the nappe above the '




In this report the upstream depth and the downstream water
depth (for submerged flow tests) is the depth of water
measured above the weir invert.

In making the free flow tests the measured model discharge
was increased in increments and the upstream water depth
. 'Was measured for each dlscharge.

In making a submerged flow test the measured model dis-
charge was held constant and the tailwater was raised in:
increments; both upstream and downstream water depths were -
measured. To make additional submerged flow tests, the
measured model. discharge was increased and the effect of
the downstream depth on the upstream depth was measured
The upstream water depth was measured at the centerline
:0f the trapezoidal channel and 15 feet (4.57 meters),
prototype distance, upstream from the weirs. Upstream
" depth measurements were made with a point gage mounted on
an aluminum U-channel that spanned the.ganal. The down-
stream water depth was measured with a hook gage, mounted
in a stilling well made from a 6-inch (l5-centimeter)
diameter plastic pipe. A flexible hydraulic tube ied from
_ the stilling well to a static pressure probe that was
e -=placed . in the outlet box. The downstream water depth was
" therefore measured at the location of the static pressure
.probe. The probe was placed 1/2-foot (0.l5-meter) down-
- stream .from the weir and 1 foot (0.3 meter) from the side
of the outlet box for model tests made for weirs at Sta-
tions 1335+67 and 1430+08, Figures 7 and 8. For model
tests with the weir at Station 1459+90 the downstream water
depth was measured at a line 18.3 feet (5.58 meters) down-
- stream from the weir, and at the canal centerline.

+'DISCUSSION AND RESULTS OF THE INVESTIGATION

Free Flow Tests .

The .first part of the model study consisted of calibrating
the three weirs under free flow conditions. The 1-1/2-
foot (46-centimeter) model depth ‘allowed testing of proto-
type depths larger than normal design canal and weir =~
depths:shown in Figures-3-and 4. The weirs were cali-
‘brated for discharges. larger than design discharges. For
each weir. the upstream water depth was measured at many
different . dlscharges._ The depth versus discharge data
for the three weirs is plotted on Figure 11.




Al

'*A second degree polynomlal equation was used to describe.

the mathematical relationship between the variables, weir
discharge and upstream canal water depth. The general
free flow discharge equation for the three weirs, with
discharge Q taken as the dependent: variable and depth D
the independent varlable, is as follows:

(1) 0 =a + LD + cnz,

i
bee

where
-0 repreSents weir diseharge, cubic feet per second,

D represents the water depth in feet above the weir
invert at a point 15.0 feet (4.57 meters) upstream
from the weir, n

a, b, and c are coefficients.

For each weir the coeff1c1ents a, ‘b, and c, have spec;flc
values in the free flow equation. The method of least
squares was used to determine values of the coefficients
for each weir, seeée Appendix A. The free flow :discharge

. equatlons are

(2) Station 1335467 Q= 2.453 + (0.060)D + (3.529)p%
R - for D =1.0 to 7.0 feet
(0.3 to 2.1 meters)
(3) 'Station 1430+08 0= 1.396 - (0.268)D + (7.981) D2
: ’ : for D = 0.5 to 3.6 feet
_ {0.15 to 1.1 meters)
(4) station 1458490 Q = 1.247 - (0.434)D # (14.105) D2
! . for'D = 0.5 to 2.3 feet
(0 15 to 0 70 meters)

5‘Graphs of the three equatlons are shown in Flgure 1l.

'7:Submerged Flow Tests

Calibrating .the weirs for submerged condltlons ‘Wwas more 5
difficult than for free flow conditions. In free flow

' tésts the upstream water depth controls the wi:ir discharge,

“but in submerged flow tests ‘both the upstream and .down-
vstream water depths control the dlscharge. The hydraulzc




model data for the submerged trape201da1 weir tests were
plotted in the form, Discharge Ratio versus Submergence
Ratio, where the

Submergence ratio = Dd/bu

Discharge ratio = Qs/Q

Dd = downstream water depth above the weir invert,
Du upstreem water depth above'the;weir invert,

Qs weir discharge for the given upstream and down-
2 stream water depths (submerged dlscharge),

Q free flow weir discharge for the glven upstream
water depth (unsubmerged or free flow discharge).

Data taken from the hydraulic model submerged weir tests
included upstream water depth {(Du), downstream water depth
{Dd), and the model discharge or submerged discharge (0s).
The free discharge (Q) was computed using the upstream
depth .(Du) in the free flow discharge equation. Both the
discharge ratio and submergence ratio were then computed
and the data points plotted. .Figqure 12 is a graph of the
data points for the weir at Statiomn 1335+67, Figure 13 -
Station 1430408, and Figure 14 - Station 1459+90. ' In each
figure the dlscharge ratio is the ordinate and the sub-
mergence ratio 15 the abscissa. \

The allnement of the data p01nts on the three graphs in-
dicates the relationship of the discharge ratio to the
submergence ratio. However, a mathematical formula de-
seribing the dlscharge ratio in terms of the submergence
ratio was needed. °By inspection, an ellipse was found to

- fit the shape of the curve formed by the plotted data

. points on the graphs. The major axis of the ellipse was
rotated 45° to the X axis of the graph. However, the’
elliptical curve did not f£it the entire central portlon
of the plotted points. But the general equation of the
curve was used in. maklng a least squares fit for the data
points. o

The . general equatlon of an ell;pse w1th a rotated axis 1s

(5) ax2 + bxy + cy2 + dx + ey + f =0, B




) where x.and. y are’ varlables. The coefficients a, b, ¢, 4, e,
"~ ‘and .f£ have sPec1f1c values for any given elllpse. By divid-
ing every term in the above equation by ¢, renaming the .co-

- efficients by using upper case letters and rearranglnq the

. terms, ‘the- equatlon takes the form

(6) Ax® +Bxy +y> +Cx +Dy + E=0

A7) y2 + (Bx + D)y +'(sz-+ Cx + E) = 0.

If the'value of X is known then the equation is a quadratic
equation in y. Positive values only for the discriminant

- are used because we are 1nterested in the plot in the first
. quadrant s and .

2

: _ z(Bx + D) + J(Bx + D)2 - 4(ax + Cx + E)
To,use-this*eQuation'for.the:case of.submerged-f;ow.we_Will

'Ty-;'discharge'ratio,
x = submergence ratlo, o

. for 0 ¢ x < 0. 98. For x-=1.0 there would be zero head
;across the weir. : _
' quhe method of 1east squares described in hppend;x B was
" ‘used to find .the specific values of the coefficients A, B,
Cy Dy -and ‘E ‘for -each. dlscharge ratio - submergence ratio
o . .formula. The values of the coefflclents are 1lsted in the
“V]ffollow1ng table.‘~‘ .

o oweiTaE . - e
. iStatiom = - A -~ .. B ... C . D - E

1335+467°  1.063  -1.652  1.685  1.806  -2.802
°1430+08  1.031  -1.755 © ' 1.739  1.828 © -2.797"
,3;;459f90':;.1,021e" 71.918 .. 1.778 © 1.837 -2.788

”;jiThe graphs of the dlscharge rat;o - submergence ratlo
4fﬁformula for the wexrs are shown on F;gures 12 13, and 14




Description and Use of the Welr Discharge Graphs and
Discharge Tables

Figures 15, 16, and 17 are graphs of the weir dlscharge
for submerged flow conditions, Figure 15 - Station 1335+67,
Figure 16 - Station 1430408, and Figure 17 - Station
1459+90. The graph ordinate is the upstream water depth
above the weir invert, the abscissa is the weir discharge,
and lines representing constant downstream water depths
are drawn on the graph.

An X-Y plotter which operates from punched cards was used
to draw the curves of Figures 15, 16, and 17. Information
in the form of approximately 1,000 data cards per graph
was supplied to the plotter. A program was written for
‘an electronic digital computer to compute and punch the
information on the data cards. The discharge ratio -
submergence ratio formula and free flow equation were

used in making data card computations for the discharge
graphs in Figures 15, 16, and 17.

To find the weir discharge both the upstream and downstream
water depths above the weir invert must be known. For an
example illustrating the use of the graph consider an up-
stream water depth of 2.12 feet (0.65 meter), a downstream
" water depth of 1.53 feet (0.47 meter), and use Figure 17.
Find the 2.12-foot (0.65-meter) upstream depth value on
the Upstream Depth scale at the left edge of the graph.
Follow the 2.12-foot upstream depth line horizontally
right to the appropriate line of downstream water depth.
In this example one has to interpolate between the 1.5-
and 1.6-foot constant downstream depth lines to find the
~* 1,53-foot (0.47~-meter) downstream water depth. At the
- . point where the 1.53-foot (0.47-meter) downstream depth
‘crosses the 2.12-foot (0.65-meter} horizontal upstream
depth line.follow the discharge line vertically downwards
to the Weir Discharge scale at the bottom of the graph.
- The weir discharge is 49 8 cfs (1.41 cns) .

A program was written for an electronlc dlgltal computer'
to calculate and print the weir discharges for the range
~of upstream and downstream water depths. The discharge
' ratio - submergence ratio .formula and free flow equation
were used in making the weir discharge calculations. Weir
discharge tables are in Appendixes: Station 1335467 -
Appendix D, Station 1430+08 - Appendix E, and Station




1459+90--IAppendix;F‘ The vertical column at the left

edge of each table is the upstream water depths, Du. The

top horizontal row of the table is the downstream water -

depths, D4, and the columns of numbers below the downstream

water -depths are the weir dlscharges for the g1ven upstream
and downstream water depths..

An example is - glven “for u51ng the weir dzscharqe tables.
Use the table in Appendix F, upstream water depth. (Du) of
2.32 feet (0.71 meter). and downstream water depth (Dd)

.of 1.9 feet (0.58 meter). Select the page of the table
that has the range of| upstream and downstream water depths
‘that include Du = 2,32 ;feet and Dd = 1.9 feet. 1In the col-
umn marked Du. find thé 2.32 water depth.” The row of num-
bers horizontally to the right of 2.32 are weir discharges
for Du = 2.32 feet and for the downstream water depths
~listed at the top of the table. For Dd = 1.9 feet (0.58

- meter) the weir discharge is 52.0 cfs (1.47 cms).
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Left photograph - looking upstream at the outlet bzx, welr bulkhead,
trapezolaai cf'[mnnal. and the inlet box. H-1553-1 NA

Right photograph - looking into the inlet box at the transition on the
upstream an% o; ihe trapezoidal channel. The rock baffle Is shawn

r in the lower right corner of the photograph. H-1553-4 NA
7.5

SEGCTION A-A

INLET
BOX

T OUTLET BOX 8 - Inlet
TRAPEZOIDAL _FLow pipes

o)
I Wair bulkheads ottached CHANNEL

ot upstream secfion Rock baffle
4" thick

Hinged Gate for
controlling taii-
water elevation

THE HYDRAULIC MODEL




Prototype timber contreol check at Station 1335+67.
Photo PX-D-61970

Model at Station 1335467. Photo PX-D-61971

The weir discharge is 58 cfs (l1.64 cms), the upstream
water depth is 3.95 feet (1.20 meters), the downstream
water depth is 0.4 foot (12.2 centimeters), and the
submergence ratio, Dd/Du, is 0.10. The top of the
black line on the model weir bulkhead (lower photograph)
represents the top of the weir structure in the proto-
type. Alsc shown in the model photograph (right side)

is the static pressure probe used for measuring the
downstream water depth.
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Prototype timber control check at Station 1430+08.
Note the temporary water stage recorder and stillineg
well for recording the downstream water surface ele-
vation. Photo PX-D-61572

Model at Station 1430+08. Photo PX-D-61973

The weir discharge is 25 cfs (0.71 cms), upstream
water depth is 1.86 feet (0.57 meter), downstream
water depth is 1.05 feet (0.32 meter), and the
submergence ratio, Dd/Du, is 0.56.
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Prototype timber control check at Station 1459+90,
Phots PX-D-61974

Model at Station 1459490. Photo PX-D-61975

The weir discharge is 25 cfs (0.71 cms), upstream
water depth is 1.35 feet (0.41 meter), downstream
water depth is 0.45 foot (0.14 meter), and the
submergence ratio, Dd/Du, is 0.33.

23




FPigqure 10

Prototype timber control clieck at Station 1459+90.
Photo P707-725-2708

Model at Station 1459+490. Photo PX~D-61876

Topography was installed in the model outlet box
downstream from the weir. The mortar area is the
10-foot (3.04-meter) length of riprap placed down-
stream from the prototype weir. The l4-foot (4.27-
meter) additional length of the downstream canal is
built of plywood. The horizontal black line drawn
on the upper part of the model weir bulkhead repre-
sents the top of the prototype weir.
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APPENDIX A

Method of Least Squares to Determ;ne COefflclentS in the
‘Welr Free Flow Dlscharge Equatlon

-Heasurements were made of the weir dlscharge (Q) and the
‘upstream water depth (D). The data points (dlscharge ver-
‘sus ‘water depth) were plotted:.on the graph in Pigure 1l.
- .The method :0of least squares was used to determine values
-of the coefficients a, b, and ¢ for the second degree
1polynom1a1 equation
'Q'=_a + 'bD + cD2
'=By u51ng the least squares method an equation was obtalned

which "fits" the data- points.  Some: of the data ‘measurement
:errors are. reduced, or “averaged out." :

'.;fflrst cons;der the data p01nts shown on Flgure a, Appendlx c.

_-There .are n number ‘of 'data points (Q,,D;), (Qz,Dz), “eey
_ if(Qn D ) Fhe BOlld black points are the actual measured
*v{values of Q and D. Ihe curved,llnelrepresents ‘the deglred

| *hrdiequatlon

‘}_,Q a + bD + ch._'

-_ﬁpor p01nt number l ‘the value D1 1s substztuted 1nto the E
ﬂabove equat'on and the value Q1 13 obtalned. The: value -
ﬁQl 13 on the des;red curve.a The res;dual of p01nt number

d_il is deflned as the dlfference between the ‘value Q1 and B
% the’ actual measured value Ql’ whxch is the’ vert1ca1 ‘dis~

'fltance, from the plotted point’ to the .curve. For any
point. (Q ,D ) the resxdual (r :) 1s . o

=

i =0 -Q) (Q -a-bD - end).

.._The method of least Squares determ;nes values for the co- __I
-efficients.a, ‘b, -and.c so ‘that the sum of the ‘sguares of
.=_fthe reszduals is a- mlnlmum, for all the data points from
:iél = 1 to 1 n - L C




n
Z(r ) z (Q; -- minimum value.
Ci=1 | i=l '

f:the functlon G be deflned as

G —Z (Q;
- 1“1 r;’

values - Qi' Q r and D are known values; therefore,

, variables of “the functlon G are the coefficients a, b,
q.' If the functlon 'is denoted by G(a, b, c), then

n ' 22:‘
o G(a:b c) }E(Q _ EE"[in a - bDi --cDi]..
' ' i=1" e il S g

To obtain the minimum value’ of the function G(a, b, c),__:
partial -derivatives are taken of: ‘G(a, b, c), and the derlv—
jﬁathes set equal to zero. The derlvatlves are .

’EE"S[z(Q -a f;bni 4chi)(él)l ? Qf

% E[2(Q -a- 'bn_'. - ...cb?:)‘-(-n.un =0,

- Eh2g, -“a'-* bp; - c0?) (-p2)] = 0,

o

[‘where i 1 ahd n hav1ng beengdropped from the summatlon
-sign (Z) for ‘convenience. The following three eguations

- .are. ‘obtained by ‘dividing by 2, multlplylng and - rearrang-
- ing terms, and placing the symmatlon s;gn in each term

'r_jw1th1n the square- brackets.

an+bzn'+cznz'-zo'-

aZD; + bI.D; +.cED] = qun
"aznz+bzn + eZDj = Qb




-;ﬁﬂThéfSyéﬁéﬁqbffthrEEFsimhltaneousflinéar equations (in the -
‘w?cgéfficients}=§:é;solved'toSfind the values of a, b, and €.

-A .COmputer program was written and an electronic digital
) ,COmputerﬁuSQdftojSolVE?fbr“the'values*a,fb,-and;chor each -
'nﬁdfgtheﬁthreéﬁwEirs;;1TheﬂthreEffree“flow“disdharge'equa-' -
_.tions -are ‘shown :in Figure 11. ..~~~ . . L




- APPENDIX B

Method of Least Squares to Determine Coefficients in the
. Discharge Ratio - Submergence Ratio Equation

Data points of the discharge ratio (y) versus the submerg-
ence ratio (x) were plotted on graphs in Figures 12, 13,
and 14. By inspection a conic equation of an ellipse was
found to define the curve formed by the plotted datad points.
Approximate values for the coefficients A, B, C, D, and E
of the conic equation were determined, but the resulting
equation when plotted did not pass through the entire o
group of plotted data points. - Therefore, the least squares
‘method with the aid of Newton's approximation method was
used to find values of the coefficients A, B8,:C, D, and E,

- -in‘-the conic equation '

sz + ‘Bxy +'y2 + Cx + Dy + E =0,

‘or the discharge ratio - submergence ratio formula

g = (BX + D) + JiBx + D)% ~ 4(ax® + Cx + E)

= 7 _
‘for 0 < x < 0.98.

' “Let.the;function_G(A;B,c,D,E) be defined as

'" ‘ . N - ‘n: . 2_*' o ' 2.

s

A= i=

| fG(ArBrCFDrE)Q='_ .

2

Z { ] -ex, + D) + J(Bxi.+ D)? - 4(Ax; + Cx;, + E) }2 R

L i=1

For convenience of notation let

\ - (Bx, + D) + J(Bx, + D)% - a(ax? + cx, + B) [
_ _ : _ i . .4 -1 14
B =yt T 2 |

NI




(RAD) = [(Bx; + 'n)z -'-'4(1;;;2 +.cx; + E),
sand drop i = 1'and n from the summation sign (2).

R 'In applylng the 1east squares method +to obtaln ‘the minimum
" wvalue of the function G(A,B,C.D,E), partlal derivatives
‘are taken of G{(A,B,C,D,E). The derivatives are then set
“equal teo zero to- form the system of five equations, which
rare solved simultaneously to find the values of A B,C D,
.‘and . E. The “five equatlons are o

-'_:-_(1) %% -z 2(sT) (RAD)

1/2 .
(xl).— o0,

-._“;--_(2) ‘:;% z(s-r) 11-- (Bx + D) (RAD) 1/2](x ) =0,

@) _-—_ag T 2(5'1.') (RAD) 1"2 )

(4 €= z(sm [1 - (Bx + D) (RAD) 1/2]
5) "%E =z 2(s'r) (RAD) /2 ‘='~0"é

I
n’.'

-‘The system of flve 51mu1taneous equat;ons are not l;near _
~.. ifor the. coeff1c1ents ‘A, B, C, D,. .and E. Therefore, HNewton's
... method’of approximations was used- to help 'solve for the

- values of A, B, C, D, and E, that satlsfled the system of
the flve equatlons. k : S : :

”.-Flgure b, Appendlx C gives a- descrlptlon of Newton's
,ﬂapproxlmatlon method. The purpcse is to find the root
- tvalue X, (with dsesired- accuracy) :for the equatlon £{x)

1}An approxlmate root value (x ) is . substltuted in the
N equatlon ' '

S S i -f(xl)
i S B S 4 0 B




_;coeff1c1ent Ato: obtaln the correctlve value (h;

A

" where

~£(xl) = the'valﬁe-of‘the function f(x) = 0 when x = xl{
£(x,) = the value for the derlvatlve of the function
f(x) = 0 when x = Xy

fhi- a-correctlve value which is added to x

lf
: X, = ‘a ‘second approxlmatlon to root %, which is
more . accurate than Xy -

Then 32 1s substltuted in place of xl in the above equation
and the  third approxlmatlon Xq is ohtalned . Successive
'fapproxlmatlons are made until a. root value X with the
- de51red accuracy is- obtalned. ,' . N

-;The follow1ng Equahlons(6) throuqh (20) are established

for the purpose of .using Newton's approxlmatlon ‘method in
_solving for the coefficients.A, B, C, D, and E in the five -
‘simultaneous equations. -Applying :Newton's method for the

| l )y
lf(x) 1s ._f'(x)*is BZG ”and
| & " a |
o L SRR S R
© nyy = - % * 25 evaluated fora = a,

_ 'For the: coeff1c1ents B. C, r'andFE,'the }espeétivéfccr- -
‘rective values are : Cn T el .

._aG . 0°G B

_,(7) -hlbimaf73§f?lsgifF%eva;uaFeg-fqr'B'= 51'
. (8) lﬁ-7~= ;,BG.AHQEQ evaluated for c=c,,
) Moo gy evatmted for C = gy

) g = -3+ 15 evalusted for o - byt




:(;O)JHE;g.e - .'.'SEE' .eveluatee.tor E T'El’

'fThe :second.: part1a1 derlvatlves are - taken of the functlon
G{A,B,C,D,E) .and -are used ‘for obtalnlng the correctlve
-values (h) for each COefflClent :

Z(Zx [(251-) (RAD) 3/2 + (RAD) ]

"ffLQ}T)[ (n +mmw)V2]@}f'_7yi

z (2) [(s'r) (;!_AD) /2+(m)_1] e A

: The secend apprqxlmatlon of the coefflclents Al, Bl’ Cl' 71 

(Bx +D) (mm) /2 (RAD)"I/Z] e



(18) Cy

{19) D,

(20) E,= E

2 + h

1 le”

A computer program was written and an electronic digital
computer used to solve for the values A, B, C, D, and E.
Equations (1) through {(20) and the approximate values of
the coefficients were used. The procedure of the computer
program is as follows. Using an approximate value for the
coefficients in Equation (16} a second approximation of A
(which was more accurate than the first) was computed.
Then the second approximation of A replaced the first in
the computer program. Next Egquation (17) was used and a
second approximation of ‘B computed, which replaced the
first approximation of B in the computer program and so

on through coefficient E. Each coefficient A through E
had a corrective value (h,). The next five approximations

made to the coefficients were based on the corrective val-
ues. Approximations were made first to the coefficients
with the largest corrective value. Starting at the begin-
ning with Equation (16) the described computation proced-
ure was repeated many times until the corrective values
were very small. When the corrective value for each co-
efficient was less than 0.0003 computations were stopped
on the computer. Values of the coefficients obtained are
given in a table in the main part of the report under the
heading, "Submerged Flow Tests." The graphs of the dis-
charge ratio - submergence ratio formulas are shown in
Figures 12, 13 and 14.
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APPENDIX D.
Discharge in cfs for weir at Station 1335+67

Upstream water depth ‘(Du) 1.40 - 2.22 Feet

Downstream water depth (Dd) 0.0 - 2.4 Feet . '
. £ EAN |.4|7"! i"’

Dd - Downstream.Water Depth 2
Du - .60 .80 1.200 1.40] X.60] 1.80[2.00
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0. 0.
‘0. 0.
Q. 0.
0.71°0,.
0. | 0.
0. 0.
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APPENDIX D. - Continued
Discharge in ¢fs for weir at Station 1335+67

Upstream water depth (Du) 2.24 - 3.06 Feet

Downstream water depth (Dd)} 0.0 - 2.4 Feet
l4l7¢| L-

Dd - Downstream Water Depth
Du. [0.01 .20 .40 .60 .80 1.00 L.20] 1.40] 1.60] 1.80 2,00 2.20 2.40

§2.24 120.3)20.2 [20.0 19.8 (12.3 |18.7 {17.9 |16.9 (15.4 3.5 {10.7 6. | o.
12.26 |120.6 j20.5 20.4 j20.1 19.6 |19.1 (18.3 [17.2 |15.8 43.92 11.1 ] 0. 0.
2.28 [20.9220.8 [20.7 [20.4 j20.0 |19.4 [18.6 (17.6 16.2 N4.3 N1.6 | 0. .| 0.

2.30 (21.3}21.2 |21.0 {20.7 |20.3 |19.7 (18.9 [17.9 [16.5 j14.7 12,1 | 0. 0. : :
12.32 21.6}{21.5 |21.3 {21.0 |20.6 (20.0 {19.3 [18.2 |16.9 [15.1 |12.5 | O. 0.
2.34 |21.9(21.8 [21.7 |21.4 {21.0 |20.4 j19.6 [18.6 [17.3 15.5:[13.0 ! 0. 0.
2.36 [22.2(22.2 |22.0 [21.7 |21.3 [20.7 j20.0 (18.9 [17.6 15.9 13.4 | 0. 0. ' '
2.38 ]22.6122.5 {22.3 |22.0 |21.6 [21.1 }20.3 (19.3 1870 {16.3 113.9 | 0. 0.
2.40)122.9122.8 (22,7 [22.4 |22.0 |21.4 |20.6 19,7 18.4 06.7 [14.3 | 0. C.
2,42 123.3|23.2 23.0 (22,7 |22.3 |21.8 |21.0 [20.0 18.7 L7.1 {14.8 | O, 0.
2.44 |123.6123.5 |23.4 [23.1 |22.7 |22.1 |21.4 [20.4 19,1 pP7.5 15.2 | 0. 0.
2.46 124.0(23.9 [23.7 [23.4 |23.0 |22.5 21,7 |20,.7 19.5 17.8 [15.7 [L2.5 | O.
2.48 124.3124.2 [24.1 |23.8/|23.4 |22.8 |22.1 [21.1 (19,9-18.2 [16.1 [13.0{ 0.
2.50 |124.7 [24.6 [24.4 [24.1 |23.7 [23.2 |22.4 |21.5 [20.2 8.6 [16.5 [L3.6 { 0.
2,52 (25.0124.9 |24.8 |24.5 (24,1 |23.5|22.8 [21.8 [20.6 [19.0 [17.0 [14.1 ] O,
2,54 (25.4125.3 |25.1 |24.8 |24.4 (23,9 |23.2 |22.2 [21.0 19.4 7.4 [14.6{ 0.
2,56 |125.7 |25.6 |25.5 [25.2 |24.8 (24.2 23,5 |22,6 [21.4 19.8 17.8 |[15.1§ 0. -
2.58 |26.1 (26.0 25.8 |25.6 125.2 |24.6 [23.9 |23,0 [21.8 |20.2 128.3 [15.6 | O. :
2.60 (26.5(26.4 {26.2 [25.9 [25.5 [25.0 {24.3 [23.3 [22.2 0.7 8.7 [16.0 ] 0. - iR
. |2.62|26.8 |26.7 j26.6 [26.3 |25.9 (25.4 [24.6 |23.7 [22.6 [21.1 19.1 [16.5 O,
2 12.64 |27.2127.1 27.0 [26.7 |26.3 [25.7 [25.0 [24.1 122.9 [21.5 [19.6 [17.0 | O.
i 12.66 |127.6 |27.5 27.3 [27.1 |26.7 |26.1 |25.4 (24.5 (23,3 [21.9 |20.0 [L7.5{ 0. -
2.68 (27,0 127.9 [27.7 |27.4 |27.0 [26.5 |25.8 (24,9 |23.7 [22.3 |20.4 [18.0 |14.5
2.70 |2w.3 |28.2 {28.1 |27.8 [27.4 |26.9 {26.2 [25.3 [24,1 [22.7 [20.9 [18.5 [15.1
2,72 (28.7 |28.6 |28.5 |28.2 |27.8 [27.3 |26.6 [25.7 |24.5 [23.1 {21.3 [18.9 [15.7
2,74 [29.1129.0 {28.9 [28.6 [28.2 (27.7 |27.0 (26.1 [25.0 |23.5 {21.7 {19.4 [16.2
2.76 [29.5)29.4 [29.2 [29.0 |28.6 {28.0 |27.4 [26.5 [25.4 [24.0 [22.2 |19.9 [16.8
12.78.129.9 29,8 [29.67|29.4 |29.0 [28.4 [27.8 {26.9 |25.8 24.4 [22.6 [20.3 |17.3
2.80 130.3 ]30.2 |30.0 [29.8 29.4 |28.8 {28.2 |27.3 [26.2 [24.8 [23.1 |20.8 |17.8
"12.82 13¢.7 |30.6 {30.4 |30.2 29,8 29,2 |28.6 .127.7 [26.6 [25.2 |[23.5 [21.3 [18.4
2.84 31.1|31.0 {30.8 |30.6 |30.2 (29.6 29,0 (28.) [27.0 [25.7 [23.9 |21.8 |18.9

2.86 (31.5(31.4 31.2 [31.0 [30.6 [30.1 [29.4 |28.5 [27.4 [26.1 [24.4 [22.2 |19.4
2.88 (31.9 [31.8 {31.6 [31.4 |31.0 [30.5 [29.8 {289 [27.8 [26.5 [24.8 [22.7 [19.9
2.90°(32.3(32.2 [32.0 [31.8 [31.4 [30.9 [30.2 {293 [28.3 |26.9 [25.3 [23.2 [20.5

[2.92 [32.7 {32.6 32.5 [32.2 [31.8 [31.3 |30.6 [29.8 [28.7 [27.4 |25.7 [23.7 [21.0

. |2.94133.1133.0 [32.9 [32.6 [32.2 [31.7 [31.0 |30.2 [29.1 [27.8 [26.2 |24.1 [21.5

» |2.96 {33.6 {33.4 [33,3 [33.0°[32.6 [32.1 |31.5 |30.6 [29.6 [28.3 [26.6 [24.6 22,0

~ |2.98.|34.0{33.9 [33.7 [33.4 [33.1.[32.5 [31.9 [3L.0 [30.0 [28.7 [27.1 [25.1 [22.5

3.00 (34,4 (34.3 34.1 [33.9 [33.5 |33.0 [32.3 [31.5 [30.4 [29.1 |27.6 [25.6 [23.0

|3.02 [34.8(34.7 [34.6 [34.3 [33.9 [33.4 [32.7 [32.9 [30.9 9. [28.0 [26.0 [23.6

[3.04 (35.2 |35.1 [35.0 (34.7 {34.3 |33.8 |33.2 [32.3 |31.3 [30.0°[28.5 [26.5 (24.1
0.5

3.06 (35.7 35.6 |35.4 {35.2 {34.8 |34.3 33.6 |32.8 |31.8 2B.9 |127.0 |24.6 R
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APPENDIX D.

- Continued

Discharge in cfs for weir at Station 1335+67

Upstream water depth (Du) 3.08 - 3.90 Feet

bownstream water depth (Dd) 0.0 ~ 2.4 Feet

i

0.292

|4|7¥l L—

Dd - Downstream Water bDepth

pu . B0 1.20] 1.40] 1.60 1.80] 2.00] 2.20 2.40
3.08 35.2 34.0 [33.2 [32.2 (30.9 [29.4 [27.5 |25.1
3.10 35.6 34.5 [33.7 |32.6 {31.4 [29.9 {28.0 [25.6
3.12 36.1 34.9 [34.1 [33.1 {31.9 [30.3 {28.5 [26.1
3.14 36.5 35.4 [34.6 [33.6 |32.3 [30.8 [29.0 {26.6
3.16 37.0 35.8 [35.0 [34.0 ({32.8 |31.3 |29.4 {27.2
3.18 37.4 36.3 [35.5 [34.5 [33.2 |31.8 |22.9 {27.7
3.20 37.9 36.7 [35.9 [34.9 |32.7 |32.2 [30.4 {28.2
3.22 38.3 37.2 [36.4 [35.4 [34.2 {32.7 |30.9 (28.7
3.24 38.8 37.6 (36.8 {35.9 [34.7 [33.2 |31.4 [29.2
3.26 39.2 38.1 [37.3 [36.3 {35.1 [33.7 [31.9 [29.7
3.28 39.7 38.6 [37.8 |36.8 [35.6 [34.2 [32.4 [30.3
3.30 40.2 39.0 (38.2 [37.3 |36.1 |34.7 |32.9 [30.8
3.32 40.6 39.5 (38.7 |37.8 [36.6 {35.1 [33.4 [31.3
3.34 41.1 40.0 [39.2 |38.2 |37.1 [35.6 [33.9 [31.8
3.36 41.6 40.5 [39.7 [38.7 [37.5 [36.1 [34.4 [32.4
3.38 42.1 40.9 [40.2 [39.2 |38.0 [36.6 |34.9 {32.9
3.40 42.5 41.4 0.6 [39.7 |38.5 [37.1|35.4 |33.4
3.42 43.0 41.9 1.1 [40.2 |39.0 (37.6 [36.0 [33.9
3.44 43.5 42.4 |41.6 |40.7 |39.5[38.1 |36.5 |34.5
3.46 44.0 42.9 {42.1 |41.2 [40.0 {38.6 {37.0 |35.0
3.48 44.5 43.4 42.6 |41.7 [40.5|39.2 [37.5 [35.5
3.50 45.0 43.9 43.1 [42.2 |41.0 [39.7 (38.0 {36.1
3.52 45.5 44.4 |43.6 |42.7 [41.5 [40.2 [38.6 |36.6
3.54 46.0. 44.9 44.1'143.2 [42.0 [40.7 [39.1 [37.1
3.56 46.5 45.4 K4.6 |43.7 l42.6 [41.2 [39.6 [37.7
3.58 47.0 45.9 [45.1 44.2 |43.1 }41.7 |[40.1 {38.2
3.60 47.5 46.4 45.6 144.7 |43.6 [42.3 |40.7 |38.8
3.62 48.0 46.9 [46.2 45,2 [44.1 [42.8 141.2 |39.3

13.64 48,5 47.4 46.7 [45.7 |[44.6 [43.3 [41.7 |39.9
3.66 49.0 47.9 47.2 [46.3 |45.2 (43.8 [42.3 |40.4
3.68 49.6 48.5 U7.7 [46.8 |45.7 [44.4 (42.8 |41.0
3.70 50.1 49,0 ¥48.2 |47.3 [46.2 [44.9 (43,4 |41.5
3.72 50.6 49.5 148.8 (47.9 146.8 |45.5 |43.9 [42.1
3.74 5171 50.0 }49.3 {48.4 |47.3 |46.0 |44.5 [42.6
3.76 S51.7 50.6 9.8 [48.9 147.8 |46.5 [45.0 [43.2.
3.78 52.2 51.1 |50.4 [49.5 |48.4 |47.1 |45.6 [43.8
3.80 52.7 51.7 {50.9 [50.0 [4B.9 |47.6 [46.1°[44.3
¥3.82 53.3 52,2 [51:4 [50.5:149.5 |48.2 |46.7 |[44.9

#13.84 53.8 52.7 [52.0 {51.1 [50.0 [48.7 {47.2 |45.5
3.86 54,4 53.3 [52.5[51.6 [50.6 [49.3 [47.8 (46.1
3.88 54.9 53.8 [53.17{52.2 {51.1 |49.9.{48.4 [46.6
3.90 55.5 54.4 [53.6 [52.7°|51.7 [50.4 [4B.9 [47.2




APPENDIX D. - Continued
Discharge in cfs for weir at Station 1335467 i
Upstream water depth (Du) 3,92 -~ 4.74 Peet 0.292

Do am d d) 0.0 - 2.4 Feet .
wnstream water ept?i (Dd) ee . 'l I'

. Dd ~ Downstream Water Depth-
g.0! .2 400 .60 .80/ 1.00[ 1.200 1.40[ 1.60f 1.80 2.000 2.20

56.9| £6.8 |56.6 |56.4 |56.0 [55.5 |54.9 |54.2 |53.3 [52.2 {51.0 [49.5
57.5]57.3 |57.2 |56.9 (56.6 [56.1 {S5.5 |54.8 |[53.9 [52.8 [51.6 [S50.1
58.0]57,9 |57.7 |57.5 |57.1 |56.6 [56.1 {55.3 [54.4 [53.4 |52.1 [50.7
58.6| 58,5 58.3 58,0 [57.7 {57.2 [56.6 155.9 [55.0 [53.9 [52.7 |51, 2
59.2/59.0 |58.9 [58.6 [58.2 [57.8 {57.2 |[56.4 |55.6 [54.5 ({53.3 |51.8
59.7(59.6 |59.4 |59.2 [58.8 [58.3 [57.7 |57.0 56.1 {55.1 |53.9 {52.4
60.3:60.2 |60.0 159.7 {59.4 |58.9 {58.3 |57.6 [56.7 |[55.7 |54.4 {53.0
60.9160.7 |60.6 [60.3 [60.0 |59.5 {58.9 [58.2 |57.3 [56.2 {55.0 |53.6
61.4/61.3 [61.1 [60.9 |60.5 |60.1 |59.5 |58.7 [57.9 |56.8 |55.6 |54.2
62.0/61.9 [61.7 [61.5161.1 [60.6 [60.0 |59.3 [58.4 [57.4 {56.2 |54.8
62.6|62.5 162.3 162.1 |61.7 [61.2 |60.6 {53.9 |59.0 |58.0 [56.8 |55.4
63.2|63.1 |62.9 |52.6 |62.3 |61.8 {61.2 {60.5 |59.6 [58.6 |57.4 [56.0
63.8/63.6 /63.5 3.2 {62.9 (62.4 [61.8 [61.1 |60.2 [59.2 [58.0'[56.6
64.4164.2 [64.1 [63.8 |63.5 [63.0 (62.4 |[61.7 [60.8 [59.8 |5B.6 |57.2
65.0/64.8 64.7 64,4 {64.0 [63.6 (63.0 [62.3 1.4 60.4 [59.2 |57.8
65.6465.4 [65.3 165.0 [64.6|64.2 [63.6 [62.9 |62.0 [61.0 (59,8 |58.4
66.2|66.0 |65.8 |65.6 |65.2 [64.8 64.2 |63.5 [62.6 61.6 |60.4 {59.0
66.81 66.6 |66.4 66.2 [65.8 5.4 4.8 |64.1 [63.2 |62.2 |61.0 |59.6
67.4|.67.2 |67.1 |66.8 |66.4 [66.0 165.4 |64.7 |63.8 |62.8 [61.6 {60,2
68.0]|67.8 |67.7 |67.4 |[67.0 |66.6 |66.0 [65.3 {64.4 [63.4 |62.2 [60.8
68.6/68.4 |68.3 |68.0 |67.7 67.2.[66.6 {65.9 65.0 [64.0 [62.8 |61.5
169.2169.0 |68.9 168.6 J68.3 |67.8 |67.2 [66.5 [65.7 |64.6 [63.5|62.1
69.8/62.7 (69.5 (69,2 [68.9 {68.4 |67.8 [67.1 66.3 [65.3 |64.1 [62.7
70.4/70.3 170.1 [69.9 |69.5 65.0 |[6B.5 (67.7 |66.9-165.9 [64.7 [63.3
71.0170.9 |70.7 [70.5 [70.1 |69.7 |69.1 |68.4 |67.5 i66.5 [65.3 |64.0
71.7171.5171.4 §71.1 (70.7 {70.3 |69.7 69.0 {68.1 {57.1 [66.0 [64.6"
72.3|72.1|72.0 {71.7 [71.4 |70.9 |70.3°[69.6 [68.8 {67.8 |66.6 [65.3
72.9(72,8172.6 {72:4:|72.0 [71.5 [71.0 [70.2 [69.4'|68.4 |[67.2 [55.9
73.6)73.4 |73.2 [73.0|72.6 [72.2 |71.6.|70.9 |70.0 [69.0:]67.9 |66.5
74.2174.0 173.9 [73.6 (73.3 {72.8 [72.2 |71.5 (70.7 |69.7 {68.5 [67.2
74.8/74.7 [74.5 [74.3 |73.9 |73.4 |72.9 |72.2 [71.3 {70.3 {69.2 /67.8
'|75.5(75.3 |75.2 |74.9 {74.5 [74.1 |73.572.8 [72.0 {71.0 [69.8 {68.5
76.1176.0 |75.8 [75.5 {75.2 (74.7 [74.1 |73.4 {72.6 [71.6 |70.5 |69.1
76.8|76.6 (76.4 {76.2 {75.8 {75.4 174.8 [74.1 {73.3 [72.3 {71.1 |69.8
77.4|177.2 |77.1 76.8 |716.5 |76.0 [75.4 [74.7 (73.9 |72.9 |71.8 |70.4
78.1)77.9.(77.7 (77.5 |77.1 [76.7 |76.1 |75.4 [74.6 |73.6 [72.4 {71.1
78.7(78.6 (78.4 (78.1 (77.8 {77.3 [76.7 [76.0 [75.2 ({74.2 {73.1 [71.8
(79.4|79.2 {79.0 [78.8 |78.4 {78.0 [77.4 |76.7 [715.9 |74.9 [73.8 [72.4
80.0(79.9 [79.7 [79.5 [79.1 |78.6 {78.1 {77.4 [76.5 [75.6 {74.4 (73.1
80.7|80.5 |B0.4 80.1 [792.8 [79.3 {78.7 [78.0 |77.2 [76.2 |75.1 |73.8
81.4/81.2 |81.0 [80.8 |80.4 [80.0 {79.4 [78.7 [77.9 [76.9 |75.8 |74.5
82.0{81.9 |81.7 |81.4 81.1'F0.6 80.1 |72.4 {78.5 [717.6 [76.4 |75.1




APPENDIX D. - Continued

Discharge in cfs for weir at Station 1335+67 1

Upstream water depth (Du) 4.76 - 5.44 Feet 0.292
: .0 - 2.4 i
; Downstream water depth (Pd) 0.0 Feet L4'7;i L‘
s Dd - Downstream water Deptn
' Du 0.0 30 .40 .60 .BO0[ 1.00 1.20] 1.40] .60 1.80 2.00] 2.20 2.40
i 4.7s.ls2.7|82.5 82.4 82.1 BL.8 B1.3 [80.7 80.0 [79.2 [78.2 |77.1 [75.8 {74.3
i i 83.2 I83.0 |82.8182.4 B2.0 |81.4 [B0.7 {79.9 [78.9 [77.8 [76.5 75.0 e
: 83.9 183.7 [83.5 [83.1 B2.7 |82.1 {81.4 [80.6 {79.6 [78.5 [77.2 75.7 N
f 84.6 [384.4 |84.1 [83.8 83.3 |82.8 [82.1 |81.2 [80.3 {79.2 [77.9 [76.4
d 85.2 [35.1 lg4.8 |84.5 {84.0 [83.4 [82.8 [B1.9 [B1.0 |79.9 {78.6 77.1
T 85.9 85.8 185.5 |85.2 [84.7 [84.1 [83.4 [82.6 [81.7 [80.5 [79.3 [77.8
86.6 |B6.5 [86.2 |85.9 B5.4'|84.8 {84.1 [83.3 |82.4 |81.2 80.0 78.5
. 87.387.1 [66.9 186.5 ¥6.1185.5 1848 84.0 [83.0{81.9 |80.6 [79.2
88.0 B7.8 [87.6 187.2 [36.8 |86.2 |85.5 184.7 183.7 [82.6 81.4 {72.9
88,7 88.5 [88.3 |87.9 [87.5 |86.9 |86.2 |85.4 |84.4|83.3 |B2.1 |80.6 .
89.4 [89.2 [89.0 |88.6 [88.2 |[87.6 [R6.9 |86.1 {85.1 (84.0 [82.8 [81.3 -
4.98 190.3/90.1 [89.9 [89.7 |89.3 [88.9 {88.3 |87.6 {86.8 |85.9 |[B4.7 {83.5 82.0
- 5.00191.0|90.8 |90.6 {90.4 [90.0 [89.6 |89.0 8.3 |87.5 [86.6 |85.5 [84.2 B2.7
it 3 5.02 |91.7|91.5 {91.4 [¢1.1 {90.7 [90.3 |89.7 |89.0 {88.2 187.3 86.2 184.9 [83.5
' 5.04 |92,.4/92.2(92.1 [91.8 |91.5 [91.0 {90.4 |89.7 33.9[38.0 86.9 |85.6 [84.2
5.06(93.1492.9 [52.8 [92.5 [92.2 [91.7 |91.1 [90.5 |89.6 [88.7 |87.6 [86.3 84.9

5.08 [93.8{93.7 [93.5 [93.2 [92.9 92.4{91.9191.2 |90.4 {89.4 |88.3 |87.1 185.6
5.10 |94.5|94.4 {94.2 94.0 |93.6 ©3.1{92.6 |91.9 |91.1 [90.1 |89.0 |87.8 [B6.4
5.12 [95.3195.1 [94.9 [94.7 [94.3 [83.9 |93.3 }92.6 [91.8 [90.9 |89.8 |88.5 |87.1
5.14 [96.0]95.8 [95.7/95.4 [95.0 194.6 [94.0 [93.3 [92.5 {91.6 |90.5 [89.2 |87.8
5.16 196.796.5 {96.4 |96.1 {95.8 {95.3 {94.8 [94.1 |93.3 |92.3 |91.2 |90.0 188.6
5.18 [97.5/97.3 |97.1 [96.9 |96.5 /96.1 {95.5 |94.8 [94.0 |93.1 {92.0 [90.7 |83.3
5.20[98.2(98.0 {97.8 [97.6 [97.2 [96.8 |96.2 |95.5 [94.7 {93.8 [92.7 [21.5 {90.0
- . 5.22 [98.9(98.7 {98.6 |98.3 |98.0 |97.5 |97.0 {96.3 {95.5 [94.593.4 {92.2 |90.8
Y 5.24199.7(99.5(99.3 [99.1 [98.7 [98.3 |97.7 [97.0°[96.2 [95.3 {94.2 [92.9 9L.5
N 5.26| 0. 0. 0. {99.8[99.5199.0(98.4 97.8 197.0 (96.0194.9 93,7 192.3
5.283 0. 0. 0. 0. 0. [99.799.2 |98.5{97.7 {36.8 [95.7 [94.4 [33.0
5.30| 0. | 0O« 0. 0. 0. 0. 0. |[99.3 [98.5[97.5|96.4 [95.2 [93.8
5.321 0. 0. 0. 0. 0. 0. 0. 0. [99.2 {98.2°'[97.2 |96.0 |94.6
5.34| 0. 0. 0. 0., .j.0. 0. 0. 0. 0. [99.0]97.9 [96.7 195.3
5.36§ 0. 0. 0. 0. |0. 0. 0. 0. 0. [99.8(98.7 |97.5 [96.1
"15.381} 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. {99.5[98.2]96.8
5.40| O. 0. | 0. 0. 0. 0. 0. 0. 0. 0. 0. :99.0 [97.6
. 5.42 | 0. 0. | 0. 0. 0. 0. 0. 0. 0. 0. 0. |99.8 [9B.4
o ' 15.44) 0. 0. 0. 0. 0. 0. 0. 0. |['0O. 0. 0. 0. [99.2
, : 5.46| 0. 0. i 0. 0. 0. 0. 0. 0. 0. 0. 0. | 0. 0.
5.48: 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. | 0. 0. 0.
5.50 ) 0. 0. 0. 0. 0. 0. 1 0. 0. | 0. 0. 0. 0. 0.
5.52| 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
5.54| 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
' 5.56| 0. 0. 0. 0. 0. 0. 0. 0. | 0. 0. 0. 0. 0.
: 3.58; 0. 0. 0. 0. 0. 0. 0. 0. 1.0. 0. 0. 0. 0.
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APPENDIX E.
Discharge in cfs for weir at Station 1430408
Upstream water depth (Du} 0.50 - 1.48 Peet

Downstream water depth {(Dd) 0.0 - 1.2 Peet

Dd -~ Downstream wWater Depth
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APPENDIX E. - Caontinued
Discharge in cfs for weir at Station 1430+08

Upstream water depth (Du) 1.50 - 2.48 Feet

Downstream water depth (Dd) 0.0 - 1.2 Feet

Dd - Downstream Water De’

pth

Du 0. | .10 2 a0 .4 o0 .6 .d .

80 .90

19.0]18.8 {18.7 [18.6 }18.4 18.1 j17.8 [17.3 [16.
19.4(19.2 |19.2 [19.0 |18.9 [18.6 18.3 17.8 [37.
19.9{19.7 19.7 n9.5 19.3 9.1 18.7 (8.3 |37.
20.4120.2 |20.1 [20.0 {19.8 19.6 (19.2 [18.8 [18.
20.9(20.7:[20.6 [20.5 [20.3 0.1 1¢.7 {19.3 |18.
21.4121.2 21.1 121.0 R20.8 20.6 |20.2 119.8 {1%.
21.921.7 |21.6 |21.5 [21.3 [21.1 20.7 [26.3 |19,
22.4[22.2 |22.1 |22.0 [21.8 21.6 |21.3 [20.8 |20.
22.9(22.7 |22.7 [22.5 |22.4 22.1 121.8 |21.4 20,
23.5:23.3 [23.2 {23.1 {22.9 [22.6 22.3 121.9 [21.
74.0123.8 [23.7 [23.6 {23.4 [23.2 22.8 (22.4 |21.
24.5124.3 [24.3 [24.1 |23.9 23.7 [23.4 |23.0 |22,
25.1{24.9 [24.8 [24.7 124.5 24.2 [23.9 [23.5 [23.
25.6]25.4 |25.3 |25.2 {25.0 24 .8 {24.5 {24.1 |23,
26.2(26.0 |25.9 |25.2 [25.6 25.4 [25.0 |24.6 |24.
26.8|26.5 [26.5 |26.3 [26.2 [25.9 25.6 [25.2 [24.
27.3]27.1 [27.0 |26.9 |26.7 26.5 [26.2 |25.8 |25.
27.9127.7 |[27.6 127.5 [27.3 27.1 26.7 126.4 {25.
28.5128.3 [28.2 [28.1 [27.9 {27.6 27.3 |26.9 26.
29.1(28.8 [28.8 [28.6 |28.5 [28.2 27.9 |27.5 [27.
29.7129.4 |29.4 [29.2 |29.1 [28.8 28.5 |28.1 [27.
30.3030.0 {30.0 |29.8 [29.7 |29.4 29,1 {28.7 28,
30.9/30.6 {30.6 |[30.4 [30.3 |30.0 29.7 {29.3 |28.
31.5/31.3 |31.2 ]31.1 |30.9 30.6 |30.3 |30.0 29.
32_2]31.9|31.8 [31.7 {31.5 |31.3 31.0 |30.6 |30.
32.8/32.5 |32.4 [32,3 [32.1 31.9 31.6 {31.2 [30.
11.4033.1 [33.1 [32.9 [32.8 [32.5 32.2 |31.8 [31.
34.1(33.8 |33.7 [33.6 [33.4 |33.2 32.9 [32.5 |32.
34.7(34.4 |34.3 [34.2 [34.0 {33.8 33.5 {33.1 132,
35.4135.1 {35.0 |34.9 (34.7 134.5 34.2 133.8 ]33.
36.0135.7 [35.6 |35.5 |35.4 [35.1 34.8 |34.5 [34.
36.7(36.4 [36.3 [36.2 {36.0 |35.8 35.5 [35.1 134.
37.4|37.0 [37.0 [36.9 136.7 |36.5 36.2 |35.8 |35,
38.1(37.7 [37-7 [37.5:37.4 |37.1 36.8 (36.5 136.
38.7!38.4 [38.3 [38.2 [38.0 |37.8 37.5 |37.2 |36.
39.4(39,1 {39.0.|38.9 3g.7 [38.5 [38.2 137.8 [37.
20.1/39.839.7 |39.6 |39.4 39.2 [38.9 38.5 |38.
40.8(40.5 |40.4 140.3 140.1 3%.9 39.6 {39.2 38.
41.6/41.2 |4L.1 |41.0 [40.8 [40.6 40.3 [40.0 39.
42.3({41.9 |41.28 |41.7 [41.6 41.3 [41.0 |40.7 [40.
43.0/42.6 |42.6 |42.4 [42.3 2.0 41.8 [41.4 |4l.
43.7|43.4 143.3 |43.2 143.0 [42.8 42.5 42.1 41.
44.5(44.1 144.0 [43.9 |43.7 [43.5 43.2 |42.9 |42.
45.2144.8 [44.8 44,6 44.5 44.2 44.0 43.6 |43.
46.0(45.6 |45.5 [45.4 |45.2 [45.0 |44.7 44.3 143,
46.7 45.3:“6.3 46.1 146.0 185.7 |45.5 145.1 {445
47.5[47.1 |47.0 |46.9 146.7 146.5 46.2 [45.9 |45,
48.3|47.8 [47.8 [47.7-|47.5 47.3 47.0 46.6 146.
49.0(48.6 [48.5 48.4 148.3 [48.0 |4757 |47.4 |37,

49.8/49.4 149.3 |49.2 [49.0.148.8 48.5 48.2 [47.

8 116.1
3 [16.6
8 [17.1
3 [17.6
g {18.1
3 1837
8 [19.2
3 [19.7
9 120.2
4 |20.8
9 121.3
5 [21.9
0 [22.4
6 [23.0
2 |23.6
7 i24.1
3 ]24.7
9 [25.3
5 125.9
1[26.5
7 127.1
3 [27.7
9 (28.3
5 [28.9
1i29.6
8 [30.2
4 (30.8
0 |31.5
7 |32.1
3 {32.8
0 |33.5
7 {34.1
3134.8
0 [35.5
7 136.2
4 {36.9
1137.6
g |38.3
5 [39.0
2 [39.7
0 }40.5
7 |a1.2
4 (41.9
2 42.7
9 |43.4
7 laa.2
4 |44.9
2 |45.7
0 |46.5
8 [47.3
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APPENDIX E.

Discharge in cfs for weir at Station 1430+08

Upstream water depth (Du) 2.50 - 3.28 Peet

Downstream water depth (Dd) 0.0 - 1.2 Feet

~ Continued

Du

Dd - Downstream Water Depth

0.

.10

=20

.3

0 .40

.50]

.60

+ 20

.20

i.10

1.20

12.50

2.52
2.54
2.56
2.58
2.60
2.62

12.64

2.66
2.68
2.70
2,72

12.74

2.76
2,78
2.80
2.82
2.84
2.86
2.88

-]12.90
12-.92

2,94

-12.96

2,98
3.00

13.02
13.04

3.06
3.08
3.10
3.12
3.14
3.16
1.18
3.20
3.22

C.13.24

3.%6

713.28

50.6
51.4
582.2
53.0
53.8
54.7
55.5
56.3
57.2
58.0
58.9
59.7
60.6
61.5
62.3
63.2
64.1
65.0
65.9
66.8
67.7
68.7
69.6
70.5
71.5
72.4
73.4
74.3
75.3
76.3
77.3
78.3
79.2
80.2
81.3
82.3
83.3
84.3
85.3
86.4

50.2
51.0
51.8
52.6
53.4
54.2
55.0
55.8
56.7
57.5
58.4
59.2
€0.1
60.9
61.8
62.7
63.6
64.5
65.4
66.3
67.2
68.1
£9.0
69.9
70.9
71.8
72.8
73.7
74.7
75.86
76.6
77.6
78.6
79.6
80.6
8l.6
82.6
83.6
B4.6
85.7

50.1
50.9
51.7
52.5
53.3
54.1
54.9
55.8
56.6
57.4
58.3
59.1
60.0
60.9
61.7
62.6
63.5
64 .4
65.3
66.2
67.1
68.0
68.9
69.9
170.8
71.7
72.7
73.6
4.6
75.6
76.5
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50.8
51.6
52.4
53.2
54.0
54.8
55.7
56.5
57.3
58.2
59.0
55.9
60.8
61.6
62.5
63.4
64.3
65.2
66.1
67.0
67.9
68.8
69.8
70.7
71.6
72.6

73.5
74.5.

75.5
76.4
77.4

79.4
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81.4
82.4
83.4
94.4
85.5

78.4

49,8
50.6
51. 4
52,2
53.0
53.8
54.7
55.5
56. 3
57.2
58.0
58.9
59.7
60.6
61.5
62.3
63,2
64.1
65.0
65.9
66.8
67.7
8.7
69 . 6
70.5
71.5
72.4
i73.4
4.3
75.3
76.3
77.2
78.2
79.2
80.2
BL.2
82.2
83.3

52.0
52.8
53.6
54.4
55,3
56.1
56.9
57.8
58.6
59,5
60.4
61.2
62.1
63.0
63.9
64.8
65.7
66.6
67.5
68.4
69.4
70.3
71.2
72.2
73.2
74.1
75.1
76.1
77.0
78.0
79.0
80.0
81.0
82.0
83.0
84.1
85.1

4.3
5.3

49.6
50.4
51,2

49.3
50.1
50.9
51.7
52.5
53.3
54.2

49,0
49.8
50.6
51.4

48.5
9.3
50.1

150.9
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53.4
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APPENDIX E.

- Continued

Discharge in cfs for weir at Station 1430408

Upstream water depth (Du) 1.40 - 2.38 Feet

Downstream water depth (Dd) 1.3 - 2.5 Feet

Dd - Downstream Water Depth

douw [I-30

1.40

1.50

1.60

1.80

1.90

2.00

2.10(2

O.. .
0.
. -
9.7
10.3
11.0
11.6"
12.3
12.9
13.5
114.2.
|114.8
15.4
16.0
|26.6
117.2
17.9
‘|118.5
1.1
119.7
20.3
21.0
|121.6
22.2
2zZ.9
23.5
24.2
24.8
25.5
26.1
26.8
J27.5
28.2
28.8
29.5
30.2.
30.9
31‘6
32.3
33.0
33.7
34.5
'135.2
'135.9
360.7
137.4
38.2
38.9
[38.7
' 40 5

0.
0.
Q.
0.
0.
0.
0.
0.
10.7
11.4
12.1
12.8
13.5

14.9
15.5
16.2
16.9
17.5
18.2
18.8
19.5
20,2
20.8
21.5
22.2
22.8
23.5
24,2
24.9:
25.5
26.2
26.9
27.6
28.3;
29.0
29.7
30.5
31.2
31.9
32.6
33.4
34.1
34.8
35.6
36.3

37.9
38.6
39.4?

14.2.'

37.1)

0.

0.
C..

0.
0.
0.
0. -
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1.0

0.
0.
0.
0.
0.
2.
o.
0.
0.
0.
0.
0. .
0.
0.
0.
0.
0.
0.
0.
0.
19.3
20.3

21.2.

22.2
23.1
24.0

z4.0
j25.9
‘126.8

28.6.

‘129.4

30.3

4 0.

0.
0.
0.
0.
0.
Q.
0.
0.
0.
0. .
0. .
0.
0.,
0.
0.
0.
0.
0.
0. .
0.
0.
0.
0.
0.

Q.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0..
0.
0.
0.
0.
0.
21.7
22.8
23.8
24.8

26.7
27.7

: 31.2:

0.

0.
-0.

0. |’

25.7| 0.

28.6
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0.
0.
0.
0.
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0.

0.
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0.
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0.
0.
0.
0.
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0.
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APPENDIX E. -~ Continued

Discharge in cfs for weir at Station 1430408
!

Upstream water depth (Du) 2.40 - 3. 28 Feet

\

Downstream water depth (Dd) 1.3 - 2.5 Faet SERP S -4216ﬂ*

Q.77

Dd - Downstream Water Depth
Du 1.30 1.40[ 1.500 1.60 1.700 1.8Qf L.90f 2.000 2.10] 2.20 2.30 2.40 2.50

. 41.2 40.2 3%9.0 [37.6 {36.1 (34.3-{32,1 ]29.6 [26.5 | O. 0. 0. 0.
.|2.42 |42.0 41.0 [39.8 |38.5 (36.9 |35.1 |33.0 {30.5 |27.5 | 0. 0. 0. 0.
42.8 41.8 40.6 (39.3 |37,7 {36.0 [33.9 [31.5 [28.5 | 0. 0. 0. 0.
43.6 42.6 |41.4 140.1 (38,6 {36.8 [34.8 |32.4 {29.5 [26.0 | 0, 0. 0.
44.4 43.4 42,2 140.9 {39.4 |37.7 |35.7 {33.3 [30.5 {27.1 | 0. 0.
45.2 44.2 43.0 141.7 [40.3 [38.6 |36.6 |34.3 (31,5 J28.2 | 0. 0.
46.0 [45.0 |43.9 |42.6 41.1 [39.4 {37.5 [35.2 [32.5 |29.3 | 0. 0.
[46.8 145.8 144.7 43.4 [42.0 40.3 [38.4 36,2 |33.5 |30.4 ] 0. 0.
47.6 |46.6 [45.5 |[44.3 }42.8 141.2 {39.3 |37.1 |34.5 |31.4 [27.6 0.
48.4 47.5 |46.4 [45.1 (43.7 [42.1 |40.2 |38.0 |35.5 {32.5 [28.8 0.
49.3 (48,3 |47.2 46.0 {44.5 {42.9-|41.1 |39.0 [36.5 |33.5 {30.0 0.
50.1 /49.1 148.1 146.8 |45.4 |43.8 [42.0 [39.9 {37.5 |34.6 (31.1 ] 0.
51.0 |50.0 [48.9 [47.7 |46.3 |44.7 ]42.9 {40.9 |38.5 [35.6 [32.3 0.
51.8 {50.8 {49.8 |48.6 [47.2 |45.6 [43.8 [41.8 [39.4 {36.7 [33.4 |. 0.
52,7 {51.7 (50.6 [49.4 |48.1 |[46.5144.8 142.7 (40.4 [37.7 |34.5
53.5 [52.6 |51.5|50.3 |49.0-147.4 [45.7 [43.7 |41.4 |38.7 |35.6
54.4 |53.4 |52,4 |51.2 |49.9 |48.3 [46.6 (44.6 [42.4 [39.8 |36.7
55.3 (54.3 53.3 |52.1 |50.8 j49.2 |47.5 {45.6 |43.4 [40.8 |37.8
56.1 (55,2 (54.2 |53.0 |51.7 !50.2 |48.5 [46.6 [44.4 |41.8 |38.9
57.0 |56.1 |55.1 {53.9 |52.6 |51.1 {49.4 [47.5 [45.4 |42.9 {40.0
57.9,|57.0 [56.0 [54.8 {53.5 [52.0 {50.4 {48.5 |46.4 [43.9 [41.1
58.8 |57.9 |56.9{55.7.(54.4 [53.0 51.3 149.5{47.3 |44.9 |42.1
59.7°|58.8 {57.8 156.6 {55.3 |53.9 {52.3 ]50.4 {48.3 [46.0 J43.2
60.6 |59.7 |58.7{57.6 [56.3 {54.8 |53.2 ]51.4 {49.3 |47.0 |44.3
61.5160.6 {59.6 [58.5 |57.2 |55.8 |54.2 {52.4 {50.3 }48.0 |45.4
62.5161.6 160.6 |59,.4 |58.2 |56.7 [55.2 |53.4.|51.4 |49.1 45.5
63.4 {62.5 §61.5 |60.4 |59.1 |57.7 |56.1 |54.4 |52.4 |50.1 [47.5
64.3 163.4162.4 |61.3 |60.1 |58.7 |57.1 {55.3 |[53.4 |51.1 [48.6
65.3 164.4 63.4 62.3 |61.0 |59.6 [S8.1 |56.3 [54.4 |52.2 (49.7
66.2 165.3 164.3 163.2 |62.0 |60.6 |59.1|57.3 |55.4 |53.2 [50.8
67.2 166.3 165.3 [64.2 [63.0 |61.6 [60.1 [58.4 |56.4 {54.3 [51.8
68.1 |67.2 166.3 |65.2 (63.9 |62,6 [61L.1 |59.4 {57.5 i55%3 (52.9
169.1 168.2 167.2 166.1 |64.9 [63.6 [62.1 [60.4 |58.5 {56.4 |54.0
70.1 169.2 168.2 |67.1 |65.9 [64.6 |63.1 |61.4 [59.5 [57.4 [55.1
71.0 {70.2 169.2 [68.1 [66.9 |65.6 |64.1 |62.4 |60.6 {58.5 [56.2
72.0171.1 [70.2 69.1 [67.9 |66.6 |65.1 [63.5 |61.6 {59.6 [57.3
73.0172.1 71.2 |70.1'[68.9 |67.6 [66.1}64.5 {62.7 |60.6 |58.4
74.0 [73.1{72.2 [71.1 169.9 |68.6 |67.2 [65.5 !63.7 [61.7 [59.5
75.0°[74.1 {73.2 [72.1 |70.9{69.6 |68.2 |66.6 |64.8 62.8 |60.6
76.0175.1 {74.2 |73.1 [72.0 (70.7 {69.2 {67.6 [65.8 [63.9 |61.7
77.0 [76.2 (75,2 [74.2 |73.0 (71.7 {70.3 {68.7 [66.9 |65.0 62.8
78.0[77.2.176.2 [75.2 (74.0 [72.7 {71.3 |69.7 |68.0 [66.0 |63.9
79,1 |78.2 |77.3'|76.2 [75.1°(73.8 |72.4 [70.8 62.1 [67.1 [65.0
80.1 [79.3 [78.3 [77.3 [76.1 |74.8 |73.4 |{71.9 [70.1 [68.2 i66.1
8l.1 80.3 |79.4 |78.3 |77.2 {75.9 {74.5 [73.0 [71.2 [69.3 {67.2




APPENDIX F.
Dischafée in cfs for weir at Station 1459+9G
Upstream water depth (Du) 0.50 --1.48 Feet

bownstream water depth {(Dd) 0.0 - 1.2 Feet

Dd - Downstream Water
L300 .40 .50 .60 .70
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APPENDIX F. - Continued
Discharge in cfs for weir at C‘tatlon 1459490

Upstream water depth (Du} 1.50 - 2.48 Feet

Downstream water depth (DA} 0.0 - 1.2 Feet 013J461#

Dd - Downstream wWater Depth
Du 0. L0 -2 .30 .4 ) .60 .7 .8 Lo 1.0Q0 1.1

31.8 [31.5 [31.1 [30.7 [30.0 |[29.2 [28.1 [26.8 [25.1
33.2|32. "7 h2.6 [32.3 [32.0 [31.5 [30.9 [30.0 [29.0 |27.7 [26.0
33.4 33.2 {32.8{32.4 [31.7 {30.9 {29.9 {28.6 {27.0
34.9 4 [34.3 [33.1|33.7 [33.2 [32.6 {31.8|30.8 [29.5 {27.9
.3 135.2 [34.9 [34.6 [34.1 [33.5 [32.7 31.7 [30.4 |28.9
“[36.0 [35.8 [35.5 |35.0 34.4 [33.6 [32.6 |31.4 |29.8
36.9 13¢.7 136.4 [25.9 135.3 {34.5 133.5 |32.3 {30.8
37.8 [37.6 [37.3 |36.8 [36.2 [35.4 [34.5(33.3 |31.8
38.7 [38.5 [38.2 [37.7 [37.1 |36.4 |35.4 |[34.2 32.7
39.7 [39.4{39.1 [38.7 [38.1 |37.3}36.4|35.2 (33.7
10.6 (20.4 |40.0 [39.6 39.0 [38.3137.3(36.2134.7
41.6 |41.3 |41.0 }40.5 [40.0 [39.238.3 {37.2 {35.7
42.5 |42.13 [42.0 |41.5 [40.9 [40.2(39.3 [38.2|36.8
43.5 143.3 [42.9 [42.5 41,9 |41.2 (40.3 [39.2 |37:8
44.5 14a.2 {43.9 [43.5 j42.9 {42.2 {41.3 {40.2 [38.8
45.5 |45.2 {44.9 [44.5 l43.9 143.2 |42.3 |41.2139.9
46.5146.2 {45.9 |45.5 [44.9 |44.2 [43.3 |[42.2 (40.9
47.5 147.3 |46.9 |46.5 [45.9 {45.2 {44.4 [43.3 |42.0
48.5 l48.3 |48.0 |47.5 {47.0 46,3 [45.4 |44.3 |43.1
1a9.5 |49.3 |49.0 [48.6 UB.0 |47.3|46.5 |45.4 [44.1
50.6 |50.4 |50.1 [49.6 {49.1 |48.4 {47.5:|46.5 |45.2
51.6 |51.4 |51.1(50.7 [50.1 [49.5 [48.6 [47.6 |46.3
52.7 |52.5 [52.2 [51.8 |51.2{50.5 (49.7 [48.7 (47.4
53.8 |53.6 |53.3 |52.9 [52.3 [51.6150.8 [49.8 |48.6
54.9 |54.7 |54.4 |54.0 |53.4 |52.7 (51.9 |50.9 (49.7
56.0 |55.8 |55.5 [55.1 |54.5 |53.9 {53.0 |52.0 |50.8
57.1 |56.9 |56.6 [56.2 [55.6 {55.0 {54.2 |53.2 |52.0
58.2 (58.0|57.7|57.3 |56.8 |56.1|55.3{54.3|53.2
59.4 [59.2 {58.9 (58.5 [57.9 |57.3 [56.5 |55.5|54.3.
60-5°]60.3 [60.0 |59.6 [59.1 {58.4:|57.6 |56.7 |55.5
177 l61.5 |61.2 {60.8 |60.2 [59.6 |58.8 [57.8 [56.7
62.5 (62.6 (62.3 |61.9 |61.4 [60.8(60.0{59.0!57.9
64:0 63.8163.5(63.1 [62.6 [62.0 [61.2|60.2 59.1
‘3 |g5.2 |65.0 [64.7 |64.3 |63.8 |63.2|62.4 |61.5 |60.3
166.4 |66.2 (65.9 {65.5 {65.0 {64.4 [63.6 [62.7 [61.6
67.6 [67.4 |67.1 |66.8 [66.2 |65.6 |64.8 [63.9 [62.8
66.8 (68.7 (68.4 |68.0 {67.5 {66.8 [66.1]65.2 |64.1
70.1 69.9 |69.6 [69.2 |68.7 |68.1167.3 |66.4 |65.3
71.3 |[71.1 |[70.9 |70.5 [70.0 {69.4 [68.6 |67.7 |66.6
72.6 [72.4 |72.1|71.7 [71.2 |70.6 [69.9 {69.0 {67.2
73.9 73.7 |73.4 [73.0 {72.5 |71.9 [71.2 70.3 [69.2
75.1 [75.0 [74.7774.3 {7338 [73.2.{72.4 |71.6 |70.5
76.4 |76.2 |76.0 {75.6 |75.1 |74.5 [73.8 |72.9|71.8
77.7\77.677.3176.9 176.4 {75.8175.1 {74.2 |73.1
79,0 |78.:9.{78.6 {78.2 [77.7 [77.1176.4 {75.5:|74.5
"5 (80.4 [80.2 |79.9.[79.5 [79.1 [78.5 [77.7|76.9 175.8
81.7 |81.5 [81.3 [80.9 [80.4 [79.8 |79.1(78.277.2
83.1 |82.9 |82.6 [82.2 |81.8 [81.2|80.4179.6 |78.6
84.4 [84.2(84.0(83.6 {83.1(82.5 (81.8 {81.079.9
.9 (85.8 |85.6 [85.3 [85.0 [84.5 (83,9 (83.282.3 [81.3




E - APPENDIX F. - Cantinued

'-Discharge in ;fs for weir at Station 1459490

pstream water depth (Du) 1.40 - 1.89 Feet r

Downstream water depth (Dd) l 3 - l 9 Feet

: . L Dd - Downstream Water Depth
‘bu [ L.30 1.3 .40 1.45 T.50[1.55 1.60] 1.65[ 1.7/0

0. 0..}0. 0. | 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. ‘0. 0. 0. 0.
0. lo. lo. Jo. |o. [0. |0. |[0O. jo.
0. 0. 0. | 0. 0. :{ 0. 0. 0. ]o0.
0. 0. 0. 0. 0. 0. 0. 0. 0.
15.8)0. Jo. J.0. |o..Jo. [o. Jo. joO.-
17.4]1 0. | 0. 0. | 0. 0. 0. 0. 0.
18.0f0. [o. [0. |o. }o. {0. lo. jo.
18.6} 0. 0. 0. 0. 0. 0. 0. 0.
19.21{ 0. 0. 0. 0. 0. 0. 0. | 0.
19.8 |- 0. 0. 0. 0. o. | 0. 0. 0.
{20.3 15,3 0. {o. ]o.,|0. |0. |oO.
20.9 [19.0 0. |o. |o.. |0. |o. lo.
21.5119.6 - 10, 0. 0. 0. 0. 0.
22.0[20.2 | 0. 0. | 0. |O. 0. 0. -
|22.6 [20.8} 0. [ 0. 0. | 0. 0. |o.
23.1:.121.4 : 1 0. 0. 0. 0.
23.7 22.0 : 0. 0. 0.
24.2[22.6 {o. jo. fo. jo. |o.
24.8 |23.2 ' 5 . 1 0. 0. .10,
25.3 [23,7 [21.9. o | 0. |o0. |oO.
25,9 j24.3 : o _ 0. 0. 0.
26.4 [24.9 1o. [o. [o.
'127.0 [25.5 . o | 0. | 0. 0.
27.5 |26.0 ' 0. |o. |o.
1220 126.6 i 0. | 0..]0.
‘|28.6 [27.2 ' 0. | 0. |o.
29.1|127.7 : ' . ' 0. | 0.
29.7 {28.3 126.7 122, - 0. {o.
130.2 |28.9 |27, _ . - -{.0. [ 0.
'130.8 129.4 [. 4. el 0. 0.
31.3{30.0 . . 0. |o0.
31.8(30.6 5 .4 0. |u.
32.4 (31.1 g . 0. |o., |0,
32,9 (31.7 26, 1o. jo. |o.
133.5[32.2 . A 0. 0.
34.0 |32.8. ] . . 0. |0
34.6133.4 . .6 , S0,
35.1(33.5% . -3 0. 0.
35.7 |34.5 7 |30. . 0.
36.3 |35.1 30. . 0.
36.8 {35.6 |34.4 .2.|29. SN 0.
37.4]136.2 34,9132 w9 |30. 0.:
37.9.{36.8 : . . i 0.
38.51(37.4 [3 . .32 | o.
39.0 [37.9 ' 132.0 127.5{ 0.
i 39.6 383.5 +0 . D 0.
40.2 [39.1 |37. 5 133, 1{29.0| o.
40.7 {39.7 ) 1 - 0. 1 0.
41.3|40.2 .7 (36.3 [34.6.[32.7 [30.5.§27.9




APPENDIX F. - Continued

Discharge in cfs:for weir at Station 1459490
Upstream water depth (Du} 1. 90 - 2.39 Feet

Downstream water depth (Dd) 1.3 - 1.9 Feet

Dd - Downstream Water'Depth

.
b
o

1.45 1.50] 1.55[1.60 1.65 1.70

Du 1.300 1.35

1.90 j41.9 [40.8
1.91 |42.5 Ja1.4
1.92 |43.0 [42.0
11.93 |43.6 l42.6
"11.94 |44.2 {43.2
1.95 [44.8 |43.7
|1.96 {45.3 [44.3
1.97 |45.9 [44.9
‘11,98 l46.5745.5
1.99 47.1 |46.1
2,00 [47.7 46.7
2.01 [48.3 [47.3
2.02 |48.9 [47.9
12.03 |49.5 |48.5
12.04 |50.1 {49.1-
2.05|50.7 |49.7
2.06|51.3 [50.3
2.07 [51.9 [51.0
2.08 {52.5 |51.6
2.09 [53.1 [52.2
2.10 |53.7 {52.8
2.11 [54.3 {53.4
2.12|55.0 {54.1

38.3 [36.9 [35.2 33.4|31.2 |28.7
37.5 135.9 [34.1(31.9 [29.5
38.1 [36.5 34.7 |32.7{30.3
38.8 [37.2.35.4 133.4 |31.0
39.4 |37.8 36.1 |34.1 |31.8
40,0 [38.5 35.8 134.8 132.5
40.6 [39.1 [37.4 {35.5 [33.3
l41.3 |39.8 $38.1 [36.2 (34.0
41,9 [40.4 {38.8 |36.9 (34.8
42.5 j41.1 [39.4 |37.6 |35.5
43.2 41,7 40.1(38.3 [36.2
13.8 142.4 140.8 [39.0 |37.0
44.4 |43.0 41.4[39.7 [37.7
45.1 [43.7 |42.1{40.4 |38.4
45,7 [44.3 U42.8 |41.1 |39.1
46.3 [45.0 |43.4 {41.8 {39.9
47.0 [45.6 |44.1 [42.4 |40.6
47.6 ([46.3 44.8 (43.1 [41.3
48.2 |[46.9 [45.4 [43.8 {42.0
48.9 [47.6 46.1 44,5 |42.7
49,5 148.2 |46.8 |45.2 |43.4
50.2 {48.9 [47.5[45.9 [44.1
50.8 (49.5 148.1.|46.6 |44.8
2.13155.6 |54.7 51.5 |50.2 48.8{47.3 |45.6
2.14 [56.2 |55.3 52,1 |50.9 {49.5 |47.9 |46.3
2,15 (56.8 [55.9 .9 [52.8 [51.5 [50.1(48.6 |[47.%"
2,16 |57.4 {56.6 .6 153.4 |52.2 [50.8(49.3 [47.7
2.17158.1 |57.2 54.1 52.8 [51.5(50.0 {48.4
2,18 (58.7 |57.8, 55.9 |54.7 |53.5 [52.2|50.7 |49.1
2.19|59.3 [58.5" .5 155.4 [54.2 [52.9|51.4 |[4%.8
2.20160.0 {59.1 .2 |56.1 |54.8 |53.5(52.1 |50.5
2,21 {60.6 [59.8 .8 [56.7 |55.5 [54,2(52.8°|51.2
2.22161.3 |60.4 .5 [57.4 |56.2 {54.9(53.5 |51.9
2,23|61.9161.0 .1 |58.0 {56.9 |55.6 |54.2 {52.7
‘12,24 162.5 |61.7 ; .8 158.7[57.5 [56.3[54.9|53.4 |5
2.25163:2 |62.4 .5159.4 |58.2 |57.0!55.6 |54.1
42.26 ]63.8 |63.0 .1)60,1i58.9 |57.6|56.3 |54.8
2.,27164.5(63.7 .8 160.7 |59.6 [58.3 (5750 |55.5
|2.28|65.2 |64.3 .162.5 [61.4 |[60.3 [59.0(57.7 {56.2
12.29 165.8 165.0 X .1162.1160.9|59.7158.4 156.2
“12.30166.5 [65.6 ! .8 162.8 161.6 {60.4(59.1(57.7
42.31167.1166.3 .5 [63.4 |62.3 |61.1]59.8 |58.4
2,32|67.8 |67.0 |6 .2 |64.1[63.0|61.8|60.5159.1
2.33168.5167.7 [66.] .8 64.8|63.7 |62.5}61.2 |59.8
12.341(69.1168.3 |67 . .5 |65.5 |64.4 |63.261.9 {60.5
‘12.35169.8°162.0_ |68 .2 166.2 {65.1 [63.9]62.6 |[61.3
~|2.36 |70.5 |69..7 167.9 [66.9 |65.8 [64.6 |63.4 |[62.0
- |2.37|71.2 |70%4 #6 167.6 166.5 [65.3 164.1 |62.7

12.38l71.8 111 [70.27169.3 (68.3 |67.2 [66.1 |64.8 |63.4
2739 {7205 |77 ; .0[69.0|67.9 [66.8|65.5 |64.2
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CONVERSION FACTORS~-ERITISH TQ METRIC UNITS OF MEASUREMENT

The fallowing ecmversion factors adopted by the Buresu of Reclamation are those publched by the American Society for
TesHng and Materials (ASTM Metric Practice Guide, Jamary 1844) exrept that additional factors (*) commonly used in
the Buresu have been added. Further discussion of definitions of quantities and units is given on pages 10-11 of the
ASTM Metric Practice Guide. . ’

The metric units and conversiom factors adopted by the ASTM are based on the "Internationsl System of Unlts" {designated
&l for Systeme Interpatiomel d'Unltes), fixed by the Internationsl Committee for Weights and Measures; this system is
also kmown as the Glorgl or MESA (meter-klogram (mass)-second-ampere) system. This system has been adopted by the
Internaticnal Organization for Standardization in ISQ Recommendation R-31.

The metric technical unit of force 1s the kil ~-force; this Is the force which, when applied to & body having a .
-mass of 1 kg, glves It an acceleraticn of 9. 80685 m/sec/sec, the standard accelerstion of free iall towerd the eerth's
center for sea level at 45 deg Iatitude. The metrie unit of force in SI units is the newton (N), which 13 defined'as -

that force which, when apnlied io a body having a mass of 1 kg, glves it an acceleration of 1 m/sec/sec. These units

must be distinguizhed from the {(inconsiant) locel welght of a body having & mess of 1 kg; that is, the welght of a

body 18 that force with which a body is sttracted to the eerth and is equal to the mass of a body muttipled by the
acceleration due to gravity.  However, because 1t 1s genseral practice to use "pound™ rather than the technically .
correct tarm " ~force," the term "ldlogram" (or derived mass unit) has been used in this guide Instead of "Klogram- -
foree"in ?@51255};? the conversion factors for forces. The newton unit of force will find incraasing use, end is

essential in SI units. : . : N

ki
)

; Table [ )
‘QUANTITIES AND UNITS OF SPACE
~__By
LENGTE

Y. .
1,600,344 {emﬂyf* .
1. 609344 (exarctly}

Square centmeters
Square centimeters
Square meaters
Square meters
Hectares
Squere meters
. X Square kilometers
2.588P8. . . . . Square kilometers -

VOLUME

Cuble tnehes © 16,8871 . ... . % . Cibic centimeters
 Cuble fest. : 0. 0283188 . Cubie meters
. Cublc meters

Fiuld cunces (U.8.} . . . i . Cublc centimeters
) . . : . . . o MHlilers
Liquid pints (U.8.) - Cuble decimeters
) : : : ‘Liters :
Quarts (U,3,) . . : ; . Cuble centimeters
‘ o : . Liters ..
.Gallons (U, 8, ), ‘ - Cublc cenmelers
. ‘ . .. . 3.78543 | Cuble declmeters
. PR lc meters .
Gallons (UK.} . e . Cuble decimeters
. : i g L . “Liters . .
- Cublc feet. .- : PR , ) ‘Liters
Cuble yards, . .. . ) - Liters :
‘Acre-feet, . .. ‘ o1y . . - Cuble meters
- ‘. . e Liters
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.- ABSTRACT o
'rhree difrerently Ehaped traperzoidal velrg vere calibrated in the hy-
draulic. leboratory for free flow and submerged flow canal discharge

“measurements in field canels of 50- and 90-cfs designed eapmeity. The

3 weirs were calibrated in the same test facility using model mcales of

1:5, 1:2.67, and-1:2.33. In eacb case the canal bottom upatream from the

.~ yelr wag flush with the weir invert and the downstream canal bottom hed a

1.5- to 3-ft verticel drop at the weir. An electronic digital computer
wep used to meke a lemat squares fit of the calitration date’to.a curve.
Second degree polynamial equations were derlved describing free flow con-
"‘@itions and general conical cquations deseribing submerged flow condi-
“tiona. . The computer was used to obtain welr dlscharge tables.and infor-
mation for welr discharge graphs for submerged conditioms. ' Discharge
tebles and graphs for each weir end drawings and photographs of model and
prototy-pe Veir atructurea are included in the report.

R
ABSTRACT

'I'hree different.ly ahaped trapezoidal ‘weirs were calibrated ‘{n the hy~

. drawlic laboratory for free flow and submerged flow cenal diacharge
neasurements in field canals of 50- and §0-cfs designed capa\'-ity. The
3 velre were calibrated in the same test faeility uﬁ ing model’ agales of

1:5,.1:2.67, and 1:2,33. 1In each case the canal _boiom upstrean from the
weir was flush with the weir invert and the dmmat *cam cannl bottom hed a
15 to 3—.ﬁ’. vsrticel drop at the weir. An electronic digital computer
wae used to make a least squares fit of the calibration data to a curve.
Second degree polynomisl cquations were derived describing free flow con-
dirions and general conical equations describing’gubmerged flow condi-
tions. The computer was used to obteln weir discharge tebles and infor-
‘mation for weir diacharge graphe for eubmerged conditions. Disehnrge

~ tables and graphs. for each weir and drawings and photographs of model and

prototype veir atructurea are included in the report.:

ABSTRACT

: Three. differently shaped trapezoidal weirs were calibrated in the hy-

draulic leboratory for free flow and submerged flov capal discharge
measuremente in field canale of 50- and 90-cfe designed capacity. The

3 welrs were calihrated in the same test facllity using model sceles of
1:5, 1:2.67, and 1:2,33. -In each case the cansl bottom upstream from the
welr vas flush with the weir invert and the downstream canal bottom hed a
1.5~ to 3-ft vertical drop et the weir. An electronic digital computer
was used to make & least squares fit of the calibratlon date to & curve..
Second degree polynomisl equationa were derived describing free flov con-
ditions and geoeral conical equations describing submerged flow condi-
tions. The computer was used to obtain welr digcherge tebles and infor-
mation for veir discherge grapha for submerged conditions. Diacharge
tables and graphe for each weir and drawings and phot.ographs of model and
prototype weir structures are included in the report.

ABSTRACT

Three differently shaped trapezoidal weirs were calibrated in the hy-
dravlic laboratory for free flow and submerged flov canal discharge
measurements in field c¢mpals of 50- and 90-cfe designed capaclty. The
3 veirs were celibrated in the same teat fecility using model sceles of

1:5, 1:2.67, and 1:2,33. In each case the canal bottom upstream from the
weir vae flush with the veir invert and the downstresm canal bottom had a
1.5~ to 3-ft vertical drop at the weir, An electronic digital computer
vas uged to.make a least squares f1t of the celibration dats to & curve.
Second degree polynemisl eguations were derived describing free flow con-
diticne &nd geperal conieal cquations describing submerged flow condi-
tions. The computer was used to obtain veir discharge tsbles and infor-
mation for veir discharge graphs for submerged conditions. Discharge
tables and grephs for each weir and drawings and photographs of model apd
prototype welir structures are included in the report.
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